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Abstract: In this  paper is presented step-by-step the calculus made in order to establishing the residual 
lifetime of a lifting crane using also non-destructive methods to establish the actual state of machine and 
areas subject to study, conducting to an extension up to 5 times of residual lifetime,but at 2/3 from initial 
load.  
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1. INTRODUCTION 
   
For  exemplification  of  this  methodology  is  considered  the  investigation  of  a  high 
gantry crane, MPT 20/5 – 20/4/4 m, presented in previous paper. The crane has an effective 
workduration  of  19  years  and  it’s  wanted  to  establish  remaining  duration  of  life  in  full 
security and working conditions. 
 
Figure 1. MPT 20/5 gantry crane 
 
 
2. FATIGUE CALCULATION FOR GANTRY CRANE MPT 20/5 
 
As  presented  in  the  first  part  of  the  paper,  the  calculation  methodology  for  the 
estimation of residual life of equipment includes the following steps: 
A. The initial data for calculating [1]; 
B. The mean work time during a work environment [2]; 
C. Establishing stressed welded detail; 
D.  Calculation  of  the  number  of  variable  amplitude  cycles.  Primary  estimation  of 
remaining life at baseline workloads; 
E. Recalculation of estimate residual life length of the machine, for a lowered load.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Fatigue loads for checking metal construction shall be such as to take into account 
both the operating conditions of the machine, as the sharing of high variation of lifted weight 
and the effects of load on the details of notch position checked. 
Loads used to verify the fatigue loading may be determined according to: 
EN 13001, SR CEN / TS 13001/2005, EN 13001/2009, EN 1993. 
For  normal  operation  of  the  machine,  loads  used  to  check  the  fatigue  can  be 
determined in the form of the fatigue damage equivalent loads, Qe. They can be considered as 
constant for all positions of the equipment when determining the fatigue load effects. 
 
A. The initial data for calculating 
A.1. Technical characteristics of lifting crane 
A.2. Crane working groups, according to project 
A.3. Geometrical parameters, load calculation, notations 
A.4. Working time 
According to the ISCIR operating book and the machine's history operation is established 
lifetime DISCIR time [years] = 19 years 
A.5. Calculation of moment of inertia and critical section area (machine beam ), Figure 2 
- Area = 4.66e+004 [mm
2] 
- Principal moments of inertia [mm
4]         Ix = 5.77e+009,  Iy = 1.25e+010    (1) 
 
   
Figure 2. Critical section area 
A.6. Main beam load 
The loads considered for machine are: 
- Loading trolley lifting / lowering ----------- QCRC = 79.3 KN 
- Load of rated task ----------------------------- Qnom = 200 KN 
- Load of control cabin  ------------------------ Qcmd = 12.6 KN 
- Load main beam (own)   --------------------- QGP = 160 KN 
A.6.1.  Calculation  of  dynamic  coefficient  with  impact  on  lifting  equipment-  are 
selected in accordance with EN 1991/2007 
A.6.2. Total computation load that acts on base structure, QTOT [KN]   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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QTOT = 432.114 KN                (2) 
A.7. Maximum bending moment 
Maximum bending moment is at the middle of the beam 
y = 697.3 mm                 (3) 
Mi.max = 76.606 KN m               (4) 
A.8. Calculation of the maximum stress being put on the welding of steel structure in the peak 
value of the moment 
   
max 2 76,61 /
i
i
y
My
kN mm
I


               (5) 
B. Calculation of the average number of operating cycles [3] 
The average number of machine cycles per year is calculated for 250 working days. 
B1. Mean work times during a medium work road 
B.2. The maximum number of machine cycles in a year (with no breaks between cycles) 
ncmx = 3600/tc = 3.722              (6) 
B.3. Rest time during a cycle and between two consecutive cycles (no moving mechanism, all 
mechanisms while at rest) 
B.4. Exchange I, q1; Exchange II, q2 
B.5. Daily average number of machine cycles, nz 
B.6. Average number per year of machine cycles, considering the number of working days to 
be 250 days. 
    nyear = 1.37 x10
4                (7) 
B.7. Establishing the maximum number of cycles in total operating time 
It will be determined the number of cycles in operation during the work, according to the 
ISCIR Book and operating history of the equipment. 
    n1984-1992= 8 x nyear= 73510.780 
    n1992-1995 = 3 x nyear= 27566.543 
    ....... 
    n2010-2011 =1 x nyear= 9188.848             (8) 
Is established the maximum number of cycles in total operating time and operating group in 
accordance with SR EN 4301-1. 
nmax_ISCIR= nyear x DISCIR  = 1.746 x10
5 cycles, results operating group U3   (9) 
 
C. Establishing stressed welded detail 
C.1. It’s established detail category according to SR CEN/TS 13001/2005 [4] 
It’s established detail category c (N/mm
2) of the weld joint shape, with the potential cracks 
between the basics elements  and welding material,  the most heavily  stressed elements  of 
machine during work cycles, category which is chosen according to SR CEN/TS 13001/2005. 
For portal crane MPT 20/5, with suspended trolley, the most stressed item is welding joint 
between wall and bottom flange of the caisson beam on which acts running wheel trolley with 
lifting-lowering mechanism, Figure 3.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Figure 3. Welding detail  
Fatigue  curves  are  established  in  accordance  with  SR  EN  1993  and  ENV  1993, 
respectively diagram in Figure 4: 
 
Figure 4. Fatigue curves for normal stresses ranges 
 
C.2. It’s determined values for welding detail no. 14 that under the EV 1993 are: 
  c = 63 N/mm
2 - reference value of the fatigue strength 
  d = 46 N/mm
2 - fatigue limit for the stress at a constant amplitude of a number of 
cycles ND. 
  L =  26 N/mm
2 - tier limit for the areas of tension in NL cycles. 
 
D. Calculation of the number of variable amplitude cycles. Primary estimation of 
remaining life at baseline workloads 
D.1. Estimation of primary residual life    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Using a constant slope m = 3, determined according to EN 1993/2006, the number of 
cycles Ni(Δi) of solicitation of considered welding detail can be calculated according to 
ENV 1993 correlated with SR CEN / TS 13001. 
D.2. Values of variables:  Ff  = 1,0;  Mf  = 1,35 
It’s stated the condition, according to SR EN 1993/2006 (DD ENV 1993/1992) [5]: 
D
Ff i
Mf




                 (10) 
In accordance with SR EN 1993-1-9-2006 (ENV 1993-1-1:1992), it’s calculating the 
number of cycles of solicitation of considered welding detail: 
 
3
D
Mf
ii
Mf D
N




  
       

 
              (11) 
D.3. Number of cycles for welding detail under load forces 
Ni(Δ i) = 4.794 x10
5 cycles of use, at real loads during work.      (12) 
D.4. Dd20 degradation (with index 20 is noted for portal crane of 20 t) on lifetime of work 
under operating history, which occurred in the intervals of work under the influence of Δσi 
efforts is given by the ratio: 
Dd20 = Σ (n_number of cycles per period worked/ N_Number of cycles for the considered 
detail under loading), which must be subunitary 
  Dd20 =Σ(n_cycles / N20.to)<1                (13) 
  Dd20 = n1984_1992/N20.to +n1992_1995/N20.to + ...+n2010_2011/N20.to       (14) 
D.5. Time to consume reserve after conducting the nmax_ISCIR  cycles 
Residual length of life remaining for considered detail under the action of normal 
work load and time worked, denoted by TRLF_ISCIR [years] is; 
  TRLF_ISCIR = 1.536 [years]                (15) 
 
E. Recalculation of estimate residual life length of the machine, for a lowered 
load. 
In previous calculations residual life length was set at about 1.5 years for lifting crane, 
approximate running time for the maximum initial parameters. 
It’s  proposed  a  review  of  the  approximate  life  of  lifting  crane,  according  to  HG 
2139/30.10.2004, those set forth in Section A.6.1 and according to SR EN 1991/2007 Annex 
B [6], correlated with SR CEN/TS-13001 / 2005, with a nominal load reduced by about 2/3 of 
the rated load. 
Initial kinematics parameters, dimensional and dynamic calculation coefficients 1, 
2, ... will be retained and considered prior welding detail, for which will be reevaluate the 
remaining time. 
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E.1. Computational load reduced by 2/3 of rated load, Qnom, resulting in a new calculation 
load revalued QRE.i.nom [KN] 
  QRE.i.nom = 2/3 x Qnom= 133.333 KN              (16) 
E.2. Total computational load, calculated acting on base structure, QRE.TOT [KN] 
  QRE.TOT = 419.931 KN                  (17) 
E.3. Maximum bending moment recalculated MREi.max.[KNm] 
  MREi.max. = 2.94x10
3. KNm                (18) 
E.4. Calculation of maximum tension, expressed ΔσRE.i 
  ΔσRE.i. = 74.446 N/mm
2                 (19) 
E.5. Establishing the average number of cycles for estimated period 
It is arbitrarily set a work period to determine the no. of cycles for the equipment can 
work  in  new  conditions,  i.e.  with  decreasing  of  nominal  lifting  load.  Following  the 
approximation made for the period of work, result: 
  n.RE.= 55133.085 cycles                 (20) 
E.6. Establishing stressed welding detail 
It’s considered the same welding detail, previously established, local welding tension 
being calculated at MRE.i.max considered. 
E.7. Recalculating the number of cycles for variable amplitude. 
Using a constant slope m = 3, slope determined according to SR EN 1993/2006, the 
number of cycles recalculated NRE.i (i), which loads the considered detail can be calculated 
according to ENV 1993 [7] correlated with SR CEN / TS 13001. 
E.8. Number of load cycles for considered detail, at recalculated moment  
  N.RE.i (i) = 4.794x10
5 cycles              (21) 
E.9. Degradation DRE.d, during working life, according to the operating history, which occurred 
in the intervals of work under the influence of Δσi efforts, is given by the ratio: 
  DRE.d.to  =Σ  (n_number  of  cycles  on  revalued  period  /  N_Number  of  cycles  which 
request the considered detail under the loading forces), which must be subunitary 
  DRE.d.to =Σn_cycles / N20.to<1 
  DRE.d.to = 0.115                  (22) 
E.10. Residual duration of life for considered detail - TRLF_RE[years] recomputed, which is the 
approximate residual use of machine on recalculated parameters, where rated load reduced to 
about 2/3 of the nominal to main hook is: 
TRLF_RE =  aprox. 7.696 [years]               (23) 
   
3. CONCLUSIONS 
 
  By following the steps described in previous paper, based on metal fatigue theory and 
practice, one can perform a full study of an equipment (here the lifting crane MPT 20/5). 
Therefore, it is stated that following presented methodology it can be done the estimation of 
remaining duration of life of studied equipment, according to  recommendation of   STAS 
11694-83 [8] and SR EN ISO 13920 [9]. 
Applying all those steps it was established that the studied machine can operate with 
kinematics parameters set initially, but with reduced nominal load of 133 kN, i.e. approx. 13 t, 
and the lifetime of approx. 7.5 years.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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